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Abstract

Aim Custom-made mouthguards have many advantages
compared to the stock and ready-made types, but sport treatments
with custom made mouthguards involve changes in ecological
factors of the oral cavity. In the present study we investigated the
potential protective role of salivary factors, such as pH value, volume,
prostaglandin E2 (PGE2) and 8-iso-prostaglandin F2a (8-iso-PGF2a)
levels during training with customised mouthguards.

Materials and methods A total of 80 subjects were selected:
40 athletes, of whom 20 practice volleyball and 20 basketball (test
group), and 40 subjects who attend a gym at a non-competitive
level (control group). The athletes (test group) were analyzed at
baseline (T0), pre-training (T1), post-training with custom-made
Ethylene-Vinyl-Acetate (EVA) mouthguards (T2), post-training
without mouthguards (T3). The control group was analyzed only
at baseline (T0). On each player, in the 4 time points, and on the
control group at TO, we stimulated saliva for determining PGE2
and 8-iso-PGF2a levels by radioimmunoassay and pH value by a pH
meter and volume/ml. Saliva pH was calculated with a pH meter.

Results We observed an inhibition of 8-iso-PGF2a salivary
release induced by physical exercise and by use of custom-made
mouthguard, while we found an increase in PGE2 salivary level in
athletes after training and wearing the mouthguard. Furthermore, in
the test of the volume of saliva produced in 5 minutes, a significant
inhibition of saliva production emerged in the athletes who did not
use the mouthguard during sports activities.

Conclusion Sports activity could lead to a reduction in oxidative
stress and the use of mouth guards seems even more effective for
athletes.

KEYWORDS Custom-made mouthguard, Training, 8-iso-PGF2q,
PGE2.

Introduction

Athletes who have recognized the need for oral protection
during their sporting activities use sports mouthguards as
dental devices since many years [Knapik et al., 2007; Grippaudo
et al. 2020]. According to the American Society for Testing
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and Materials three types of mouthguards exist: Type 1, stock
mouthguards; Type 2, “boil and bite” or ready-made
mouthguards; and Type 3, custom-made mouthguards. The
most used mouthguards by athletes are those ready-made
because of the low cost and easy access. Custom-made
mouthguards are made using an impression of the individual’s
teeth and according to specifications provided by a dental
professional. The material mainly used for making the
mouthguard has become ethylene vinyl acetate (EVA) 0+
[ADADS, 2012]. Several studies of hockey and football players
showed that “boil and bite” protective athletic mouthguards
had the potential to become a microbial reservoir of
pathogenic and opportunistic bacteria, yeasts, molds, and to
increase the number and severity of oral mucosal injuries
[Glass et al., 2009; Glass et al., 2011]. Custom-made
mouthguards have many advantages compared to the stock
and ready-made types: they show optimal comfort and good
wearability [De Young et al., 2004; Spinas et al., 2014; Re et
al., 2014], and they reveal no negative effects on elite
taekwondo athletes’ satisfaction. Moreover, they are
protective device against orofacial injury and they allow for
stable muscle activity during the training of Karate-Do athletes
[Bemelmanns et al, 2001; Eroglu et al, 2006; Spinas et al.,
2015; Raquel et al., 2016]. However, use of customised
mouthguard in sports activities leads to changes in ecological
factors of the oral cavity that inhibit the protective effect of
saliva [D'Ercole at al., 2014; Mummolo et al., 2014 (b)].

For the evaluation of physiological biomarkers of sports
training, the collection and analysis of saliva are rapidly
developing as main evaluation tools. The collected saliva is
used for monitoring quality, pH, buffering capacity, bacterial
count, plaque, gingival inflammation and immune markers
in sport and exercise. To date, saliva samples are an important
part of a complete clinical check-up for many researchers
[Papacosta and Nassis, 2011; Mummolo et al., 2014 (a);
D’Ercole et al., 2016]. Saliva can provide a useful and non-
invasive alternative to the collection of serum and plasma,
because it can be collected rapidly, frequently and without
stress. Furthermore, saliva collection requires less medical
training and it can be performed on the sports field [D'Ercole
et al., 2013; D’Ercole and Tripodi, 2013]. Isoprostanes,
produced in membrane lipids in all body tissues through the
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action of phospholipases, are generated by the free radical-
induced and COX-independent peroxidation of essential
polyunsatured fatty acids including arachidonic acid
[Karamouzis et al., 2004]. Isoprostanes represent stable
markers of oxidative stress in vivo and it has been measured
in numerous tissues and body fluids including plasma, urine,
exhaled breath condensate, saliva, cerebral spinal fluid and
amniotic fluid [Milne et al., 2015]. Amongst F-2isoprostanes,
8-iso-prostaglandin F2a represents a stable biomarker of
lipoperoxidation in vivo [Pratico, 2002].

Oxidative stress reflects an imbalance between the
production of reactive oxygen species (ROS) and a suitable
antioxidant action. The relationship between exercise and
oxidative stress is very complex and depends on type, duration
and intensity of training. Regular moderate training appears
beneficial for oxidative stress and health; conversely, an acute
and strenuous effort leads to an overproduction of ROS
[Pingitore et al., 2005]. Prostaglandin E2, recognised as a
biologically active factor in the 1960s, is considered a stable
marker of inflammation, since it promotes local vasodilation,
local attraction and activation of neutrophils, macrophages
and mast cells in the early stages of inflammation [Kalinski,
2012; Petrini et al., 2012]. Thus, the purpose of the present
study was to compare a group of individuals practicing
competitive sports (basketball and volleyball) with a group
of non-competitive individuals in a standardised clinical
research. We determined the potential effects on salivary
factors, such as pH value, volume, PGE2 and 8-iso-PGF2a
levels by training and by use of customised mouthguards.

Materials and methods

Study population

The study population was composed of 80 subjects, all
males: 40 athletes: 20 of them practice volleyball, 20 basketball
(test group) and 40 subjects who attend a gym, at a non-
competitive level (control group). As shown in Table 1, there
was no difference between test and control group with
respect to age and gender. There was difference between
test and control group with respect to training amounts of
time.

The basketball players attended the sport hall of Chieti
(Italy) and the volleyball players attended the sport hall of
Ortona (Chieti, Italy). The control group was recruited from
consecutive first-time patients visiting the Department of
Medical, Oral and Biotechnological Sciences, University of
Chieti, in the period 2016-17.

The following inclusion criteria were considered.

1. Age: adults (age <18).

2. Absence of active carious lesion.

3. Dental treatment not in progress.

4. For the athletes, they require mouthguards.

5. For the controls, they were not practicing any competitive
sports.

Patients were excluded from the study if they met any of
the following exclusion criteria:

1. Periodontitis;

2. Partial or total removable prosthesis;

3. Poor medical conditions (diabetes, asthma), systemic
antibiotics, or local antimicrobials in the 3 months preceding
the study, patients under medication affecting the saliva flow
rate.

During the study, a patient who started a medication
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affecting the saliva flow rate or the biofilm composition was
immediately excluded. The selected subjects participated
voluntarily in the study. Initially patients were given oral and
written information on the purpose of the study. Written
informed consent was signed by subjects (Privacy Law DL
196/2003). The collection and use of saliva was approved by
the Ethics Committee of University “G. d’Annunzio”, Chieti-
Pescara, Italy.

A self-administered questionnaire was used to obtain data
concerning a complete medical history, episodes or conditions
affecting hard and soft tissues of the oral cavity, oral hygiene
practices.

Clinical monitoring

The players (test group) were analyzed at baseline (T0),
pre-training (T1), post-training with custom-made Ethylene-
Vinyl-Acetate (EVA) mouthguards (T2), post-training without
mouthguards (T3). The control group was analyzed only at
baseline (TO). At TO, a clinical monitoring was performed and
on each patient were recorded the number of decayed (D),
missing (M) and filled (F) teeth (T) (DMFT) to assess caries
prevalence according to WHO criteria [Allgrove et al., 2014].
To evaluate oral hygiene and periodontal status, the Plaque
Index (PL+) according to Silness and Lée, and the Loe & Silness
Gingival Bleeding (BOP+) were used, respectively. In addition,
an oral examination of intraoral mucosa was performed and
assessed the presence/absence of bad habits and/or
parafunctional habits.

The patients avoided eating or drinking and they didn’t
brush their teeth at least 2 hours before taking the samples
at all stages.

Saliva collection

On each athlete, in the 4 time points, and on the control
group at TO, we stimulated saliva for determining PGE2 and
8-is0-PGF2a levels and it was collected with Salivette®
(Sarstedt AG & Co., Germany). Moreover, patients chewed
for 1 minute the cotton roll present in Salivette®. The cotton
roll was placed into the test tube; then they were centrifuged
according to the indication of the manufacturer. The saliva,
deposited on the bottom of the test tube, was subjected to
laboratory analysis. Saliva sample, for determining pH value
and volume/ml, was collected with paraffin-chewing
stimulation for 5 minutes. Saliva pH was calculated with a
pH meter (Elettrofor XS instruments, Borsea, Italy). All
procedures were done by one calibrated researcher.

Mouthguard manufacturing

Custom mouthguards were made in a dental laboratory
on models cast from impressions and using EVA materials.
Preliminary correction and adjustment in static and dynamic
occlusion were performed for each newly fabricated
mouthguard. Finally, each player was instructed on oral and
mouthguard hygiene. Each subject repeated the indications
received in oeder to correct some inaccuracies.

Radioimmunoassay (RIA)

Saliva samples were collected and PGE2 and 8-iso-PGF2a
levels (pg/ml) were measured by radioimmunoassay (RIA), as
previously reported [Chiavaroli et al., 2010; Menghini et al.,
2016]. Briefly, specific anti-8-iso-PGF2a and anti-PGE2 were
developed in the rabbit; the cross-reactivity against other
prostanoids was <0.3%. Two hundred and fifty microliters
of prostaglandin standard or sample were incubated overnight

EuroPEAN JOURNAL OF PAEDIATRIC DENTISTRY voL. 22/3-2021



DEVELOPING DENTITION AND OCCLUSION IN PAEDIATRIC DENTISTRY

Total number Male Mean age Training table/week
Basketball players 20 20 13,95 + 2,54 | 1,93+0,18 h 5 times a week
Volleyball players 20 20 14,67 + 2,22 | 2,06+0,53 h 5 times a week TABLE 1 I_)e_mographic _
Control group 40 40 13,13 + 3,09 | 1,07+0,82 h 3 times a week ;erj;?gi“cs of the studied
Basketball players Volleyball players Control group

Dmft 5,13 +3,2705 6,60+5,9833 4,55+3,0029
Daily Brushing Frequency 2,58+0,5339 3,11+0,5465 2,11+0,8965
Pll+ 64,71% 66,67 % 80,00%
Previous Dental Trauma 30,00% 33,33% 13,33%
Mouthguard 15,00% 0,00% 7,14%
Dental Erosions 26,32% 22,22% 20,00%
Dental Stains 50,00% 55,56% 78,57%
Tooth Wear 56,25% 57,14% 66,67 %
Recessions 47,06% 55,56% 40,00%

TABLE 2 Clinical parameters and prevalence (%) of clinical characteristics between genders at baseline.

at 4°C with the 3H-prostaglandin (3000 cpm/tube; NEN) and
antibody (final dilution: 1:120 000), in a volume of 1.5 mL of
0.025 M phosphate buffer. Free and antibody-bound
prostaglandins were separated by the addition of 100 pL 5%
bovine serum albumin and 100 pL 3% charcoal suspension,
followed by centrifugation for 10 min at 4,000 xg at 5°C and
decanting of the supernatants into the scintillation fluid
(UltimaGold™, Perkin Elmer) for B emission counting. The
detection limit of the assay method is 0.6 pg/mL.

Statistical analysis

Statistical analysis was performed using GraphPad Prism
version 5.01 for Windows (GraphPad Software, San Diego,
CA). Means + S.E.M. were determined for each experimental
group and analyzed by one-way analysis of variance (ANOVA),
followed by Bonferroni post-hoc test. Statistical significance
was accepted at P < 0.05.

Results

The demographic and clinical characteristics of the studied
populations are presented in Table 1 and Table 2. Age is similar
in the two groups. There was no difference with respect to
amounts of time between the players.

As shown in Table 2 the analysed athletes have a very poor
oral health, as demonstrated by high values of DMFT, PIL+,
dental stains, tooth wear and gingival recessions, even if they
brushed their teeth two or more times a day. Over 30% of
elite players had suffered dental trauma related to sports, but
only the 15% of basketball players used boil & bite
mouthguard.

Our measurements showed an inhibition of 8-iso-PGF2a
salivary release induced by physical exercise in each group
of athletes compared to the control group (TO-T3). Moreover,
there was a significant reduction of isoprostane level in T2
group compared to TO. In contrast, there was a significant
increase in the salivary level of 8-iso-PGF2a in athletes who
did not use the mouthguard with respect to groups at T1
and T2 (Fig. 1).
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The saliva values of Prostaglandin E2 are reported in Figure
2. Compared to controls we had a significant increase in PGE2
in groups at T1 and T2, while in other conditions there were
no significant changes on ProstaglandinE2 release. The
observed increase at T2 was statistically significant compared
to other time points groups. Additionally, we did not observe
any difference in the collected saliva pH in control group and
at TO-T3 stages (Fig. 3).

Finally, in saliva volume test produced in 5 minutes, a
significant inhibition on saliva production emerged in T1-T3

200-

8-is0-PGF3, (pg/ml)

FIG. 1 8-iso-PGF2a production from saliva samples in the tested 4

time points.

TO: baseline.

T1: pre-training.

T2: post-training with custom-made EVA mouthguards.

T3: post-training without mouthguards.

Values represent the means + SEM [ANOVA, P <0.0001; post-hoc,

*** P <0.001 vs. Control (Control group), ** P < 0.01vs. T2, ** P
<0.01vs. T3, *P<0.05vs. T3].
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FIG. 2 PGE2 production from saliva samples in the tested 4 time
points. Values represent the means + SEM [ANOVA, p<0.0001; post-
hoc, *** P< 0.001 vs. Control (Control group), * P < 0.05vs. T1, * P
<0.05vs. T0, * P < 0.05vs. T1, *** P< 0.001 vs. T3].

&0

FIG. 4 Salivary volume in the tested groups. Values represent the
means + SEM [ANQVA, P <0.0001; post-hoc, *** P < 0.001 vs.
Control (Control group), ** P < 0.01 vs. Control (Control group), #:
*** P <0.001vs. T0, ** P < 0.01vs. T3, *** P < 0.001 vs. T3].

stages with respect to the control group and to TO. A further
significant reduction in saliva production also turned out at
T3 compared to measurement at T1 and T2 (Fig. 4).

Discussion

High performance standards required of competitive players
can only be attained by totally healthy individuals. Excellent
dental care to players is a complicated task, due to numerous
competitions that do not allow adequate planning of medical
decisions. The athletes analyzed in this study have showed a
very poor oral health, as demonstrated by high values of
clinical index, as DMFT, PIL+. They also showed several oral
conditions, such as dental stains, tooth wear and recessions.
Despite, over 30% of elite players had suffered dental trauma
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FIG. 3 Salivary pH from saliva samples in the tested 4 time points.

related to sports, only the 15% of basketball players used boil
& bite mouthguard.

The aim of this study was above all to raise awareness
among young players for the use of custom-made
mouthguards and the advantages deriving from their use.
Normally instrumental tests, as electromyography (EMG) are
used to evaluate to muscle fatigue, and/or muscle activity in
different sports [Raquel et al., 2016; Quinzi et al., 2019; Tripodi
et al., 2019]. Considering the athletes’ young age, as an
alternative to instrumental tests, in this study the comfort
offered by custom-made mouthguards has been evaluated
through the determination of effects on salivary factors, such
as pH value, volume, levels of PGE2 and 8-iso-PGF2q, taking
advantage of easy saliva sampling. As effect of training, a
significant exercise-dependent shift of parameters revealed
a decrease in saliva volume produced in 5 minutes, in athletes
who didn ot wear the mouthguard during training. Conversely,
mouthguard use does not significantly reduce saliva
production. It is determined that physical exercise elicits
increased sympathetic activation for which the reasons for
the significant decrease from before to after training without
mouthguard are due to an increase in sympathetic activity
and a repression of the cholinergic parasympathetic
innervation causing a significant vasoconstriction in salivary
glands [Frese et al., 2014].

The volume of saliva is further altered also due to the deficit
of liquids and electrolytes following the loss of water and
sweat during physical exertion. These alterations in saliva flow
rates are in line with previous investigations [Ferrazzano et
al., 2010; Mulic et al., 2012; Tripodi et al., 2012; Allgrove et
al., 2014]. On the contrary, the presence of a foreign body as
a mouthguard works as a stimulating effect on the production
of saliva. The mouthguard acts on the parasympathetic
system. Parasympathetic cholinergic nerve stimulation seems
to induce vasodilation of the capillaries supplying the salivary
glands, thereby increasing blood flow; hence, elevated blood
flow to the glands is associated with a higher saliva secretion
rate [Papacosta and Nassis, 2011; Giuca et al., 2012]. The
training and use of the mouthguard do not influence the pH
of saliva collected in the various phases for both athletes and
controls.

Normally, the oral cavity has the ability to adapt to the
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presence of a foreign body, to alter the composition of saliva,
to maintain high pH values and buffer power, and in this way
prevents the colonization of potentially pathogenic
microorganisms and maintain optimal environmental
conditions. The salivary pH increased or decreased dependent
on the beverages consumed by the athletes, but these aspects
were not investigated in this study, and we would analyze
them in further projects.

The isoprostanes are a family of eicosanoids of non-
enzymatic origin produced by the random oxidation of tissue
phospholipids by oxygen radicals. At least one of isoprostanes,
8-iso-PGF2a has been shown to have biological activity and
it has been suggested as a marker of antioxidant deficiency,
and lipid peroxidation [Karamouzis et al., 2004]. Particularly,
lipid peroxidation has long been involved in tissue damage
[Achitei et al., 2013]. Different researchers observed physical
activity reduces 8-iso-PGF2a and it effectively attenuates
systemic oxidative stress with considerable benefits for athletes
[Haxhi et al., 2016; Lessiani et al., 2016]. Additionally, several
studies revealed a lower oxidative stress status in trained
athletes than in sedentary individuals [Bloomer et al., 2008;
Falone et al., 2010].

Our data are in accordance with studies that revealed a
decrease in oxidative stress for subjects who practice physical
activity constantly. In this study, we observed a significant
difference for the same athletes when they used the
mouthguard or not during the game.

For athletes who did not wear the mouthguard during the
training there was a significant decrease in 8-iso-PGF2a level
compared to controls, even if the greatest reduction emerged
in those who used the mouthguard. Recent studies showed
that the use of the mouthguard improved physical performance
by increasing in both aerobic and anaerobic activities the
respiratory capacity of athletes [Schultz Martins et al., 2018].
In subjects with reduced respiratory capacity, as in patients
with cystic fibrosis, the 8-iso-prostaglandin2a concentration
was significantly higher than in healthy controls [Spicuzza et
al., 2018].

Based on the results obtained we could hypothesise that
the use of the mouthguard increases aerobic performance
and leads to a further decrease in 8-iso-PGF2a release.

PGEZ2 is the main prostaglandin produced by cyclooxygenase
(COX)-2 during inflammation and oxidative stress [Brunetti
et al., 2012]. It has been known for many years that plasma
concentrations of PGE2 increase during exercise and a high
guantity may persist for up to two days [Pedersen et al., 1990;
Smith et al.,1993]. Standardised physical exercise is associated
with cyclo-oxygenase dependent formation of inflammatory
prostaglandins. Intriguingly, we observed a significant increase
in saliva PGE2 level at T2 in athletes who used the mouthguard.
This increase is greater than enhanced production of PGE2
that we noticed in the same athletes before training or not
using the mouthguard. In this context, further increase in
prostaglandin E2 production could be related to use of the
mouthguard. Some authors suggested that sport mouthguards
can become a source of microbes, promote the development
of oral and systemic diseases and alter oral environmental
factors, inhibiting the protective effect of saliva [D'Ercole et
al., 2017; D'Ercole et al., 2020]. In several studies, an increase
in salivary PGE2 has been observed in the transitional phase
between health and periodontal disease [Syndergaard et al.,
2014; Wang et al., 2017]. On the other hand, we cannot
exclude that PGE2 increase at T2 in athletes could be the
result of a prostaglandin-induced pleiotropic effect. PGE2 has
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been reported to stimulate muscle relaxation [Insuela et al.,
2015], while the use of mouthguard could improve the activity
of masticatory muscles in Karate-Do athletes [Raquel et al.,
2016].

Furthermore, we could substantiate the onset of protective
effects induced by mouthguard use in athletes. Particularly,
the stimulated PGE2 levels could indicate a possible
improvement of masticatory muscle function thus leading to
a minor risk of tissue damage, as revealed by reduced level of
8-iso-PGF2a.

Conclusions

As a diagnostic tool for the assessment of training conditions
we can use both the levels of salivary and plasmatic steroid
hormones observed during exercise.

To prevent dental trauma, the screening of caries,
periodontal disease and other oral pathologies in the young
athletes by means of oral examinations before the beginning
of the sport season and periodical follow-ups by dentists are
very important. Until now, preventive and periodic
examinations are not carried out even in high-level professional
sports teams, such as in the case of football.

Our results suggest a possible association between sports
activity and reduction in oxidative stress especially in athletes
who use the mouthguard.

Finally, even if further investigations will be necessary with
a greater number of athletes engaged in different competitive
disciplines the use of mouthguards could be useful for athletes
because it could increase their respiratory capacity and their
muscle functions and protect them from orofacial injuries.
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